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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a nitride semiconductor 
laser element which can be optimally used in such applications as 
an optical pick-up, and to realize an optical information regenerator 
which has a superior light condensing property. 
SOLUTION: The semiconductor laser element comprises a GaN 
substrate and a lower clad layer, active layer, upper clad layer, and 
GaN contact layer, which are deposited on the substrate in this 
order, The thickness of the GaN contact layer is between 0.07 u.m 
and 80 um The semiconductor laser element can be used as a light HS* 
source in the optical information regenerator. 
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T> HUieG a N = ^^^ 0. 07/ira£I 

[»**2l ffiEGaN^** hJIOWP*** 0. 
1 2 M m^±-Cfc5 w t 1 ICE**> 

[tt#9 3 ] ME¥«* i"-* 
-K*ffiJB»f*ntQi:, HfjEGaN^*^ hS<0E*r 

It*** 4] GaN&fct, #£«±K:I«*»J§£*1 
fcAl Ga I nNPAs7$*7y KB (ai*fl'¥-'< 
ym^Ea [eV]) h AlGalnNPAs 
TflWM KJi (Ifdl [Aim] , x*/u^-/<^K* 
t^^E 1 [eV]) h AlGalnNPAsH^ 20 
Sfi&tel ($gft&JU [nm] ) t. AlGalnNP 
As±W Kl (Ifd2 [nm] , x*^-/<y 

K^77 P E2 [eV]) h AlGalnNPAsl 

V] ) buISG aN^^ hli:$r<i^fc-i:^# 
— if!**, 

[»#*5] MET***?? K«fcJ:trtiiE-fctt*7 

3. 5 ^ E a ^ 3 . 9 £>o 3 . 5 ^ E b ^ 3 . 9 3t 
ofcfflfcRSU £<bt. UET«#>f Kl*3<tU=HuE 

E^3. 4 9 2-0. 0 2 7 4 6/ (d-0. 0 3 5) 
3&>o, E1> 1 2 4 0/* 
*>o, E2>124 0/1 
[fc* U 

d= Ul + d2) /2 

E= (El • d 1+E2 • d2) / (d l + d2) ] 
<D&® MRS LT * 2> C t trtttt t * 4 CBIR 

IB!** 6] GaNgfck, K8«±lC«|^«Ji$n 

*:AlxiGai-xiN (0. 05^x1^0. 2) 
7*KJIi:, InyiGawiN (0<yl<w) W 
KB «i¥d 1 [nm] ) I n«Gai-.N (0< 
w<l) #FJI£ I nvGai-vN (0£v<w) BSgJl 
tO£S#JB*«a»fefcaStt* (IHWa [/im] ) 
t. I ny2G ai-y2N (0<y 2<w) ±«*>T KJi 
(Bgi?d2 [Mm]) t, Alx2Gai-x2N (0. 05 
^x2^0. 2) 7y KJ§£, 0IEG a N = V* 

* hlk$r(ixyt^k$r#»k-t-6lt^l^V>L3^ 
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v vf jiMcE**)*** u-i^*^o 
[»**7] t&ETtt*M KS*5i^E±»^ K 
Stf>R*i:»f8;£* 0. 06^di+d2£0. l^o 
0. 06^yl, 0. 0 6 ^ y 2 x i L < tt, 0. 1< 
dl+d2£0. 15**00. 04^yl, 0. 04 £ 
y2, t>L<l±, 0. 15<dl + d2^0. 2 ri>o 
0. 03^yl, 0. 0 3 ^ y 2 . L <tt, 0. 2< 
dl + d2^0. 3d>o0. 0 15$yl. 0. 015 
g y 2, tt<»is 0. 3<dl + d2d>o0. 01^ 
yl, 0. 0 1 ^y 2, ^1*Jxa»<0«HlcR6LTfc 

[»#*8] METW^W K«*5J:V«iE±»^W K 

y^0. 0 0 3/d-0. 0 0 3+ (0. 0 0 7-0. 
2 2Wa) + (-0. 0 10 + 0. 1 0 x) 
[fc«U 

d= (d 1 +d 2) /2, 

y= (yl • d 1 + y 2 • d 2) / (dl + d2) , 
x = (x 1 +x 2) /2] 

OfifflCRSLTfc* d fc -T 6S»#* 6 (cE*£ 

[R*«9] «-6±^»«$Jxfc»**l4 

[R*9l 0] *¥i**««fci'-lF**l8«U 

Eft$iifc»«*S*1-53te^««S*S6«-efco 
X, M#« l4v^L8©v^i*^W-E«^4^^^--1f 
*m t L-C^v * 6 c h **« hirh 

[0 0 0 1 1 

WW*) **** 

) [0 00 2] 

[«ORf]GaN, UN, AlN*5m*V?)0 

T y^^ K=7r^7^^38fL184-L186^ 
-vMMasaru KURAMOTO et a 
1. :Jpn. J.Appl.Phys. vol.3 
8 (1 9 9 9) pp. L184-L186) 
1t, 0 5 nm^it6l»^^^-«S 

f0 ^t®Tfo<bo ^^flcu— n-GaNS 
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£9 0 1 0 0 Mm) ±lw. n-Alo.oiGa 

o.83NT^7yKl9 0 2 (Plum) , n-Ga 
NT$#-fK!9 0 3 (P0. lum) s Ino.2G 
ao.sN «i¥ 3 nm) / I no.05Gao.95N (K* 5 
nm) -3** : 3 t #F»ttJi9 0 4, p-Alo.i9Ga 
o.ei N^rtyT'ig 0 5 (If2 0nm) , p-GaN 
±»#<f KB9 0 6 (&JPO. 1/im) . p-A lo.o? 
Gao.93N±£B?77 KB 9 0 7 (KPO. 5 j* m) , 
p-GaN3y^^hl908 (ffiSJPO. 05<im) # 

9 0 9jMM&*jh/CV*6. Sfcfc, 57— BMMMIIft 

t«M K1^5y KBKSSftfc******^* 5 

[0 0 0 3] 

imm&^titi-zmm) ±Eft 

fc>**V*>W££B (n-GaNS«9 0 1 J: 9 fe±© 
9. feSVMis GaN&«tt<0#M©fcffifc£a s So*t 

3. 

[0 0 0 4] co*?^ «*©ft«^J:ixtf, ft#fc * 

JfcM-CV^CirKlior, FFP (77-7^-^^ 

. ^+^^ofc9. »*o»*oKH 
lcfto-tff£l<ftl\ collie, 5 7-85®<0:Xtt^ 4 

KB0Stt#J(<« **mffi*«*+afc«>fc* ««B 

*MM:9<0«T**fcLT^*. 
[0 0 0 5] ±Elffl»«:*MHU *tTy*T 
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[0 00 6] 

*tt, GaNtti, *««±Wi*«Bft*lfcT»^ 
77 KB is SttB** ±»^y KBfc, GaN^y 
hBfc*B*.fc*»*^— * , *^ fco " c - ^ gEG 

aN^y^niOlf^ 0. 0 7Min£LL8 0/zm 
[0 0 0 7] *mi<»*i»& BtilBG a N 

[0 0 0 8] i^-f 8 *^ (HE*** 

EG a N3^^ hB^JS^neiNfcOK^, neq£ 
nsiii©H«##41"S- ****** 1"*. 

*fflg±»-IOI*«BS*bfeAl Ga InNPAsT 
mtyyh'M (x^-^y'^ir77'Ea [e 
V]) t> AlGalnNPAs TSfl#^ KB (HW d 
1 [ixm] . x^-^y^^7 7'El [eV] ) 
fc, A 1 G a I nNPAs^bft2>e«B «6#tt*l 
[nm] ) t. A 1 G a I nNPAslW KB (K 
gd2 [|im] . x*^*-^K*ty^E2 [e 
V]) AlGalnNPAs ±g{S* 7 7 KB 
; ^ w <y^ t ^£a [eV] ) t, buISG aN 3 

hB*&«*fcwfcfctf»*"i-*. 
[0 0 10] MET*R* 
7 7 KB* *tfttE±«B* 7 7 KB©****-'^ K 
^y^, 3. 5^EaS3. 9^o3. 5^Eb^ 
3. 9<B«Hi;:RSU £<b^ METfflWM KB*3.fc 

E^ 3. 4 9 2-0. 0 2 7 4 6/U-O. 0 3 5) 

E1>1 24 0/A 
2)>O n E2>1 24 0/X 
[fc£U 

d= (d 1 + d 2) /2 

E= (El • d 1+E2 • d2) / (d l + d2) ] 
(Dim fcRfeL-CfcSwfcfctffck-*"*. 
[0011] *«W©^**V^-if*^tt, G a Ngfc 
0 *«R±lCl(HWWi^fcAl«iGai-iiN (0. 
05^x1^0. 2) yWyvYMt. InyiGa 
i-,iN (0<yl<w) TUtiJ KB (■* d 1 [n 
m] ) fc, I d.Gbi-.N (0<w<l) #T*Mt I n 

vGai-vN (o^v<w) mtmho^^mm^h 

teZftteM (8Si©Wa [Mm]) Iny2Gai-yzN 
(0<y 2<w) ±«3(f>f KB (HPd 2 [jtm] ) 

Alx2Gai-x2N (0. 05^x2^0. 2) 
7 7 7 KB t , tflEG aN^y^ HB i: $r(tx.^ w t 

10 [0 0 12] HtliST&tf 
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4 Klfc^lMMBiBtf-f KIOB b&f&Z. 0. 0 
6Sdl + d2^0. l^oO. 0 6£yl, 0. 06 
£y2, t>L<li, 0. Kdl+d2£0. 15*>o 
0. 0 4£yl, 0. 04^y2, tl<H 0. 15 
<dl+d2^0. 2^o0. 0 3^yl, 0. 03^ 
y2, tKlt 0. 2<dl+d2^0. 3^00. 
OlSSyl, 0. 0 1 5£y 2, t>L<tt* 0. 3< 
dl + d2*>o0. Ol^yl, 0. Ol£y2 % <0V* 

r *v*»*>«ffl Jw» £ l x * a c t t *■ s e 

[0 0 13] «W«)**#^-fWtt* «I«ET»^ i< 

y£0. 0 0 3/d-0. 0 0 3+ (0. 0 0 7-0. 
22Wa) + (-0. 0 1 0 + 0. 1 Ox) 

d= (d l + d2) /2, 

y = ( y l-dl+y2-d2)/(dl+d2), 
x= (x 1 +x 2) /2] 

[0 0 14] **Wro^*#:w-ifSBtt, S 
[0 0 15] ^frU' 

[0016] MJIOW*^- * IS 1 
3 0^B&[2l^#RStTSft^'r^c n-GaNStt501 

(Blff3 0-3 0 0/ira) 0 n -G a N^KJi 5 0 2 

(BU¥0 — 3 O^rn) x n-I ncGai-cN (0. 01 
£c£0. 2) ^1^15 12 (MO-O. 3^m) , 
n-AhiGai-xiN (0. 05^X12*0. 3) TU 
? y v FJi 5 0 3 (M* 0. 4-10/im) . n - I n 
yiGai-yiN (yUw) Ttt^ K85 0 4 (ESffd 

lUm]), I nwGai-wN^Flt I nvGai-vN 

(v<w) HfiJBfc^SSS******^***^*^ 
ji!5 0 5 3 7 0-4 5 0 nm, HlfWa 

[pm] ) . AlzGai-zN (O^zl^O. 3) 
^^§5 0 6 (Hl0-5 0nm) , p-In y 2Ga 
,- y2 N (y 2£w) iWtf'f KJ§5 0 7 (Ifd2 Lu 
m] ) s p-AliiGai-ziN (O^zl^O. 3) * 
^ ^1 5 1 3 (^i? 0-50nm) ^ p - A 1 *2 G a 
i-«lN (0. 05^X1^0. 2) ±i^77K!5 0 

8 (BgJfO. , p-GaNa^HI 

5 0 9 (BI/PO. 0 7^8 0iim> 

fr$L<li, 0. l2~80/im)o &<bl-> p-Ga 
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x^yf? h!5 0 9<0±®{CI*, Hffi (#J*-tf* c 
o, Ni, Cu, Pd, Ag. Ir, P t, Au. S 
c, Ti, V, Cr, Y, Zr, Nb, Mo, La, H 
f, Ta. W, Al, Tl. WTMitctitt&M) 5 
10«^tti0> Zti. n-GaNlSOili: 

(^Jili. Co, Ni, Cu, Pd, Ag. I 
r, P t, Au, S c, T i , V, C r , Y, Z r, N 

b, Mo, La, Hf, Ta, W, Al, Tl, OWf 
) [0017] p-GaN3^^M5 0 9«r*<t"C 

d= (d 1 +d 2) /2 

y= (yl • d 1+y 2 • d 2) / (dl+d2) 
x= (x l+x2) /2 
5^Wa £ 6 0 

y^O. 0 0 3/d-0. 0 0 3+ (0. 0 0 7-0. 
2 2Wa) + (-0. 010 + 0. 10 x) 

y^O. 0 0 3/d + 0. 0 0 2+ (0. 0 0 7-0. 
2 2Wa) + (-0. 0 10 + 0. 1 0 x) 

yUO. 0 1 
y 2^0. 0 1 
y^O. 16-0. 6 d 

yUO. 0 1 
30 y 2 ^ 0 . 0 1 

y SO. 13-0. 6d 

yUO. 0 2 
y 2^0. 0 2 
d£0. 12 

[OOiSUfc, *»WO*»#l/-**^OW©* 
fifcfc, Bl 4 0^l&Bl^#^tXSi^i-6o n-GaN 
g&601 W3 0-3 0 0/im). n-AlG.al 
40 nNPAs«6 0 2 (IiO-3 0^ra) . n-A 
!GaInNPAsW77Ki6 0 3 (**>V*~ 
/^m^Ea [eV] , BSWO. 4-1 0*2 
m) , n-AlGa I nNPAsTW-f KS6 0 4 
(i^-/<yK^^El CeV] > KWd 1 
[l*m] ) . A 1 G a I n N P A s #F1 t A 1 G a^ I 

n NPAs »mm t ft 

fil6 0 5 «*MU Cnm] , WWa Cm 
m]), AlGa I n N P A s v 6 0 6 W* 
OMOOnm) , p-AlGa I nNPAsiW 
50 KS6 0 7 (x^^^^r^E2 [eV] , 
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m-d 2 [nm] ) ♦ P-Al Ga I nNPAsl^ 
7 5/K16 0 8 (i^-^^K^ty^Eb [e 
V] . MO. 3-10/im) v p-GaN^^^n 
§6 0 9 (I@0. 0 7-^8 0 jim* Wfcny M£*># 

#£L< l±x 0. l2-80*im) tfci, 
[0019] p-GaN^^ M6 0 9£J¥< LT 
t>8&W£<D±#£«*^ II*filOFFPO 

d= (d 1 + d 2) /2, 

E= (El ' dl+E2 • d2) / (dl + d2) 
3. 5 ^E a £ 3. 9 
3. 5^Eb^3. 9 

E^ 3. 4 9 2-0. 0 2 7 4 6/U-0. 03 
5) , E1> 1 2 4 0/* 
E 2 > 1 2 4 0/X 

[0 0 2 01 ftfc, TUX 4 Ymt\*. 

hs %&mtKm*tiK.TM*7iy KB* 

iOMtfc^^l^^c 2, 3, 4, 5B$<0«& 
I nG a NMtfc&VWiG a Nfc5V>tt 
AlGalnNPAsWOilia^ $e>lC#»W 

U&ttZo tit, ±»#>f HBitt* ±W9yKI 

[0021] *a*o**ai»«w«Wtt» 

[0 0 2 2] 

n-GaNSfilOl (M 1 0 0 n m) ± 
n-Ga N + RBf§ 1 0 2 (M 3 /x m) , n 
-AUiGai-nN (xl=0. l) Wr;FH 

03 [mm I. 2/irn) , n-GaNTWKHO 

4 (MO. Um) , In.Gai-.N (0<w<l) 
WFM t I nvGai-vN (0^v<w) ^11^^ 

s*»^*Fistti i o 5 nxftft 

4 0 0 nnu &M1 5 nm) , p-AlGaN^y 
yil 0 6 (M2 0nm), p-GaNlWKi 
107 (M0. lum) > p-Ali2Gai-K2N (x 
2 = 0. 1 ) ^5yKH08 (M 0 . 4 /i m) , P 



-GaN3^nil 09 0W0. 12/xm) 

n = v** hiio9o±sic»i, 

Pd/Au, Ni/Pd/Au, Pd/Pt/Au, P 
d/Mo/Au, Pd/W/Au^) 110^*1 
T*S!K &fc> n-GaNSSOliCli^lil (« 
Ti/Al. Zr/Al, Hf/Alfttt 11 
ltfite&ZtiX^Z. p* 5 y KB l0 8®-»*J:tf 
p-GaN = ^nil09H Jy^h?^ 

«a*«*i/cv*6. ^mffii ion, 9** 

li, ¥*#S (P-A li2Gai-«2N (x2 = 0. l) 
^75, Kll 0 8*3.ttf P~Ga N M©- 

[0 0 2 3] fcl^ U-1f««© 

20 [0 0 2 4] (0 0 0 1) Bfc****WB^ 

f^n-Ga NSi 1 0 1 ±1-, n -G a N*ffil 1 0 
2 TO3,im) , n-AlxiGai-xiN (xl=0. 
1) TI35^77K110 3 (Ml. 2 /xm) > n-G 
a NTB^'f Ki 1 0 4 (E£J¥0. Um) , I n.G 
ai-«N (0<w<l) ^FSt I nvGai-vN (0^ 

v <w) mmt<D%^£mw&frbtez>3M&*#r 

M105 (**jft*4 10nm, «Rfl5n 
m) , AlGaN^^il06 (R»2 0nm) , 
p-GaN±«2M KJB10 7 (MO. 1 m m) , P 
30 -AlilGai-iiN (x2 = 0. D^yKllOS 
(Ki?0. 4/ira) , p-GaN=^nil09 
(R|?0. I2nm) £MOCVDfc (#«&lMfc¥fc 

i/^fc* 9 , p-Alx2Gai-«2N (x2 = 0. l) * 
9yKSl08, P -GaN3^nil09^*i 
2 a niW h 7 >f ^SR©»»*r* LXI»*+6 ^ i: ic J: 

Al2O3*O»B*?»ofc<0fefc* ±Bfc*B*Bl 

40 l 0 l 0 t p d/A 

u, Ni/Pd/Au, Pd/Pt/Au, Pd/Mo 
/Au, Pd/W/AuWVvfftfcflVvCfc*^ *■ 
mtVX. 0. 0 5-3Mmi«i:tixtfJ:V\ 
& N n-GaNXtRl 0 l^KBffl!l€rWWwJ:9ffl6w 

Lt*5<:i:^L<, *JtHO»»-Cttl OOum 
t L^o ^^^> gfeSBtc^Jim^l 1 1 fcJBJSI" 
^> 0 1 lttXtt. Ti/Al, Zr/A 

50 1, Hf/Al, W/AlO^-mSrJ^Tt*^ * 
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<M&m&tLXs 0. 0 5-3 nmfiS£filtf«fcV* 0 
£61^ ^JSm^l 1 1 £S^t, Mo/Au, Mo/ 
Ni, W/Au, Cr/Ni^^iligMU !7 

[0 0 2 5] £*Tlw7F-rxmiC«fc 0 ^^/n-^t 

SHU ^7-»ffife»dc+*. £«>«r*^-i: 

0 1 *imi-oV>rii> E12£#$ 

5 0 ±»©Xg?»fcftfc#*^--2 0 1 a>*ffifflfc, 

<o*t 7^^*20 2 wjxtt, y^-v^v 

*3, ^^7>f^*2 0 2«:GaNtSftWfS8Bffi"CfcS 
(10-10) BlcWft*flfcU ±12 
*J* 1 1 4£SitK:&&J: 5K % 

U ^7>f :/<&#ffl#R«£ftT^S. 

[0 0 2 6] ft I::, ^^9>r^*2 0 2»cf&otryu- 

K (J3) ££^-0^®$] (n-GaNS^l 0 10) 20 

M) \zmxx*M*tMyLZZk\z±9 % x??<<7mz 

lic§T£>6 (10-10) ffi**5S0BBfrffifc tra^fco 

^— 2oia*e>* a^ou'— ir*^«taftofcu— 
tf/<-fc#R»fc. *g>8l tr^s, 
y^tfeftif©»tl*tfe*:»v^T, ®a±ESftofc^- 

ai i ofcTicu-cRiau i ik?-^- 

«:K8B1"6*s t)KH £M««l l l&TfcLTR 
@U &mm&l 1 0K!M*-£««tf-**>L-C\ *v 

[0 0 2 7] *WII©WtliO*»*u— tfSmcjo^T 

p-A l*2Gai-x2N (x2=0. l) * 7 y KB 1 0 
8 (K*0. 4 /im) iUlRttfeft*:, p-GaN^y 

-»BfcODfi»*»&i"* w t lc«H Lit F F P co&# 

[0 0 2 8] EI3(C7K¥^ (#B<o«Bffil-«T# 
rSj) FFPflJW&jjW". S3 (a) li3MBWG> i MMfrl' 
-if^^^c^ffilFF PT*>9, IS 3 (b) li, tt* 
ft«l?l«, ***©»«© i W»*U-*»^p - G a 
N^** h/Il 0 9<DHJ?£r0. 0 5umi:^IU 
ft&Lfcft&£^*¥£rS)F F P<DMXhZ>. 
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Bfc^£ftVv<*->'MI&;kTV**©lC»U *t&£ 

»1\ EHlfcV^T, n-GaNS^30 1±i:, ±l£n 
^¥£#0&B# (n-GaN«l 02Hn-G 

aNT«^ Kll 0 4lC*a-i-6l) 3 0 2.±fEp 
fi*iS#O«i#3 0 3 (p-GaN±»^K8l0 

7Hp-GaN3^^ hBl 0 9IC«S1-6B) # 

y ^7^^3 o 4#»j*Sftrv*6tiff#**ft 

jE#«c:fT*)lii"lw, |!flfliJW8£LTV*6»»3 0 6tf# 
4CTLtotC^:J:^ tK¥#I*]F F PlcM#8 

[0029] :w:i^e^:f?>fc^^ 

y hrfcfc*¥#rtlF F pasjEftft*^»fr&SM£L 
7c 0 *©«*ttB5fc*£ivcv**. p-GaN^^ 
*hB0>B*#O. 0 5^m-C$)^t,»!)lt 
4 2-6 6%<Dflfcfflt-tf<bot, Wtt5 4%U^ 
ofco p-GaN^V^^ hlOlfiSO. 0 7 vmX* 
*>5fc** 6 4^9O%<0*IBfctf&o 

■*#0. 1 0#im-Cfc6t#. 64 ^ 9 
2%0«5Bttfbo$, ¥*Qrt:8 p-G 

p-GaN^^^hiOlff^O. 2 a 
mXhZtZ, *«9tt, 8 4-9 8%W«SIllCff^ 
Of , 3P19I4 9 0%-Cfeofco p-GaN3^^hi 

*9tt, 9 2-9 9%<Dtm\ZttbO% > ¥*S«96% 

-cfooyt c mm^&^x, ^^vr^BBR-ciSfitfcft 

0 ^fed»ftl|U»0^^-^*»feOl**t«>**R* s * 

2 0 %^^X.6^&lr F F P i bfc, 
[0 0 3 0] ^±^<t9l-> AlGaN^fyKlOi 
»^RJt?>iXfcGaN3y^^ hJKDR^ffVMJif, 
FFPfifpO*9*0* s l6l±Ufc« wCO<t9l-, P-G 
aN^y^^hi^If^ 0- 0 7 iim^±ti"6C 
fc-C, 0. 05Mmtlfcfc*»l. 4 «F£l± 

^ 0. 1 /im^±ti-6wi:-C^S^* 5 

0. 05-imat^«Wtt p 
JO -GaN^^nlWlf^ 0. I 2 vm£k±tt 



-6- 




11 

yt 0 GaN=^^ b«(D8»?0±KtcBeU-Cli, 8 0 
M m«TXNMUf.fc<* ;L*U»)*<fc6fc, 
<&£#<&**#** <fco-CL*V\ Wotfy^ft 

■e***»tt, 2 KToi-^r 

[0 0 3 1] G a NMS±M**ilfcIfl***«# 
<D&!fiS&£ (10-10) ®tcfcoT§fBf!L.fc3i:1- 

fcfcfc, »BB±fcOflia#-C# J M-v^l«*« 

[0 0 3 2] (HJfcO^IB 2 ] ® 6 *Sfc*> 

V— WM-tt, n-GaNSS401 (iff3 0-3 0 
0,zm) ±IC, n-GaNtIB»4 0 2 W*0 

-30/im) , n-AlxiGai-xiN (0. 05^x1 
SO. 2) W77KI4 0 3 (^*0. 5|im-l 
0/im) , n-I n y iGai-yiN (0<y Kw) TU 
$4 K14 0 4 (61* d 1 Urn] ) , I nwGai-.N 
(0<w<l) &rmt I nvGai-vN (0^v<w) 
»MtoXE#Jl*it*»?><t5»tt»4 0 5 (»** 
I3 7 0^5 0 0 nras ^||5-6 0nm) * A1G 
a N^t7^|4 0 6 (1110-2 0 nm) , p - I n 
y2 Gai-y2N (0<y2<w) ±»^K|4 0 7 CK 
*d2 [Mm] ) , p-A lxzGai-xzN (0. 05£ 
xl£0. 2) ^7yKJ§4 0 8 (&*0. 4/im-l 
0/irn), p-GaN3^n§4 0 9 (K*0. 0 
7 0 Mm) ©ftBft*****)!*^**^ 

V>£ 0 p-GaN3>'^^M4 0 9Oj:ffil: 

tt, Pd/Au, Ni/Pd/A 

u, Pd/Pt/Au^) 4 1 O&Mf&ZtlX&Vs £ 
fc, n-GaN£«OS®^li^:«S;S Ti 
/Al, Zr/Al, Hf/Alfc£) 4lH«$ 
nTV>6o p^fyKl40 8O-»*J:tfp-GaN 
hi 4 0 9(i, yy^h7^Mi:M$ 




, W20 0 1 - 2 98 2 4 3 

(p^77K!4 0 8) fcOfcv\Efcl6SR4 1 2#tf 
So 

[0 0 3 3] *iNS#U-irSfilllC*5V^'C, T»#>T k 
^neaN £ coffin, n.g £ nGaN<D|8#a 5 l£fti~*«fc 5 

ss£*b-cv*s. -*u± % fco^ratc^fc^-cts. 

[0 0 3 4] *IBJB«*n«qrt;, *7y»«Bfc*3ttS 

^-t^'^'T^ K • 7-f Vv$* 84tl 
1 9 6-1 2 0 3^-i/ (M. J. Be r groan n 
and H. C. Casey, Jr. :J.Appl. 
Phys. vol. 84 (1998) pp. 119 6- 
1 2 0 3) ZZtWZZo 

f;ii3 0 0-8 0 0 nmOllitftwt^ttS. 

y^fcE g [e 
V] (Eg^l) k + ZbZs H#*f4, 
p [A] =1/ (Eg-3. 421/123 

9. 8 5 2] 

p [XI > 3 6 0. 7 . 
n (p [A] ) = [4. 3 6 6 3 8 0 1 +pV (p 2 " 
30 2 9 5. 9 2) ] 0 5 

p [1] ^ 3 6 0. 7 (Otis 

n (p [X] ) =co+clXq+c2Xq2+c3X 

q 3 + c 4 Xq 4 

q = p [«-360 

c 0= 2.718 

cl= 9. 9 7 6 e-3 

c 2= 3. 0 0 5 e-4 

C 3= 4. 584e-6 

c4= 2. 5 9 6 e-8 

rtfcOBMRtt. UiGai-iN (O^sSl) ictfLT 

Eg=Egl [s] =3. 42 (1-s) +2. 65s 
-3. 94 s (1-s) 
AltGai-tN (0£t£l) IC»LTtt* 
Eg=Eg2 [t] -3. 42 (1-t) +6. 2 t- 
1 . 0 5 7 t ( 1 - t ) 

I n.A ltGai-.-tN (0<s<l. 0<t<l) ^ 
50 Eg={sXEgl[s + t]+tXEg2[s + 
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t] } / (s + t) 

tt5Ii:^*et5o GaInNAs x GaInNP£ 
Lt\ jttflt^Al Ga I nNPAstIb$il5 
HK0BW*»*fc»l*"^ Wat****-*** 
^i:©B8»^*is gSb^Xftv^ ftf^AlGa I n 

[0 0 3 5] lf*5S€r**1-6*Ji»-*5V^-C, 

5 0jxm£U:*?fe«K L D»KW**«> = T*»-C*>5 
fc6T«^-< KS-±«5#^ KS^Uff (31*0. 4 m 

fctffc I n G a NT«^ KJi, UGa N±tt*M K 

g<D|g&jP • neq ^ nGaN t 46 «t 5 - 

[0 0 3 6] BL±w#micJ:0, fcJ:*, 
0. 06^dl + d2, 0. OlSyh 0. Ol^y 
2 

0. 06^dl + d2S0. lOMWiO. 06^y 
l x 0. 0 6^y 2 

0. Kdl+d2£0. 15 0»fri-f4, 0. 0 4^ 
y 1, 0. 0 4^y 2 

0. 15<dl+d2^0. 2 ©JfrfrKtt, 0. 03^ 
y l, 0. 0 3^y 2 

0. 2<dl+d2^0. 3<D&&\Z.\*s 0. 015^ 
y 1, 0. 0 1 5Sy 2 

0. 3<dl + d208*l:ll 0. Ol^yK 0. 
0 l^y2*Cfcio 

[0 0 3 7] w^X\ TMM ymtl*. A 1 G a NT 
m y v KB t . t A 1 *r*«x* 

fc««Kift*\ 2. 3, 4. 5S*<0*»<0*&JS*>* 
45 I n G a NSKfcSVMiG a N»KO«»»3t^$ 
b h ft * 3©^^fiS^«I^X fcottJ: 

KSO I n&j£y 1 k1"*utf *v\, *fc, 
Klktt, AlGaNl^7 7Kih ^ji^tlC^ 
**tfc, Al€:«^7C*i:LX$*ftV^^wtX*) 
5, &1* Lt-JS<0«fiSt-C*>6^3llift^ o 2. 3, 
4, 5l*»*»Wtt*0*fe5I nGaNl«fc6V^ 
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HtG a N*R<DfflB«jg*£ felcMk*>Mtt»&fc*« 

[0 0 3 8] *tc, i^^«tt<t9l:, ■«* 
[0 0 3 9] HlfcOJ&fB 1 <D*»# U-1F**<0* 0 
p-GaN^^ hJi0)ll»M:»<1"Si:* 

'o wi«a«^*itft *m© f f p k y * 

f</^iW^fc. E7l:i3lt51 0 0 2, 1 0 

OSttCO^^ftlJ^^^^^^^^^^ 5 ^ c 
©t#Op-GaN3^HW, 0. 4/imTfc 
£ 0 +2 0° ^jfttC^^f-^^CXV^ISK &® 

m^6^ltXlift<. iooi(Oi5i:iO%a7i:R 

-0<t9lC^>f KltCGaNSrfflV>^«*U—if^ 
-m> SETOFF Pty y^tcs:i#fc 

[0 0 4 0] TE*-Kt*«t6**#V'-f* J F^ 

X) sin9 Uttl&ft&Jb) fclfc7-!lx»tfc 
(2 ti/A) = (2 tc/X) sine (1) 

[0 0 4 1] H 6 Ic^i-Wfc^MMSfteu—lf t 
3ol N X> G a N^^^^ M^)i$f$ne»N(i2. 5 

«JS*r*ni fl ^, 2. 5 1 tUS^i-K ioX, n 

^{-ft5o 

[0 0 4 2] 

40 E (%) -exp [±j (2tc/A) %] (2) 
A = 1/ (nG.N^-neq 2 ) 0 5 (3) 
~ 1 /i m 

2 0° ttifiic^gic^i:*;: tco^^y y^/woiRH 

50 KS<7>^«fll-«£i"^GaNS (p 3 ^^ 
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[0 0 4 3] GaNJil^^6*#«)«»^WB-Cti: 

*r»*:ftv^5«c1-JitfJ:<. (2) *Kl*Wt 

6expH*«>3l*Srjl*i:i-5wi:, +t£t>*>. n 
g.iiSn.q*1-JitfJ:V\ GaNli:^ 

tt*m#E [%] a* x#fiWMsi-s ft 

*JBW# ******* LfcS*, ^ 
J§£±ftO<fc 9 ft»SO»a« • KJ?£> InGaNttn 

[0 0 4 4] ***0»»©***v/-1p»^tt, 
(10%STF) 

[0 0 4 5] *JM^»W-#V*Tfc. ^tSO^Iilt 

[0 0 4 6] [ 3 ) ■ 6 

LfctO-CfoSo n-GaNS«401 (W? 
IOOmhi) , n-GaNt(BJ|4 0 2 (If3^ 
m) % n-AlnGai-nN (X1 = 0. 1) T®* 7 
v K14 0 3 (fl£S0. 8 Mm) , n- I nyiGai-yi 
N (yl = 0. 0 3 5) T«B^KS4 0 4 CflSff 0. 
I urn). I n.Gai-.N (w=0. 17 8*) #F1 
(i|2nm) Mn»Gai-vN (v = 0. 0 5) MB 
1 (HE*4nm) (»8«/#Fl 
/. . . /#FJ§/I£^JI) *»€>46 5««>*^#Fifi 
ttS4 0 5 «&#K*4 10nm> &&JP3 4nm) , 
AliGai-iN (z = 0. 2) ^^14 0 6 «* 
18nm) % p- I ny2Gai-y2N (y2 = 0. 03 
5) ±*MM K14 0 7 (I&¥0. 1 um) , P"A1 
x2Gai-x 2 N (x2 = 0. 1) KS408 
(i@0. 5 /im) , P -GaN = ^ni409 
(ffi&j?0. 3 Mm) , p-GaN^y^ hJ§4 0 9O 
±BKtt, Pd/Au, Ni/Pd 

/Au, Pd/Pt/Au, Pd/Ti/Au» 41 
0&B&Zft>X&'). n-GaNS«Wlffii:il 
^Jim^ Ti/Al, Z r /A 1 , H f /A 

1 ftif) 4 1 1 #»Jft£*VCV**. 
[0 0 4 7] 
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btizzt mm ufcc ft*5v aaiciaits 

»MMWi3 8mA-C*>!K 8 0«M!V*Tt>»H« 

-5, n.q=2. 5 4 7Tfol?. GaNioWn 
6a n=2. 54 0 *0fc****ofc. CftlcfctK n- 
GaN*S401, n -GaN*lHJJ§4 0 2, p-Ga 
70 N3^ni4 0 9 a NBrt-COS#0®» 

!*»#«< 49, .tor, ftff4*lt»tt#»S>^fct 

[0 0 4 8] ***O»*0^*l'-tf**» 

Gai-»2N±W KIOI ntaAy lfcJMJy 2 k, 
HfeoMdl Uin]. d2[Mm] £**£ML 

20 2, dl = d2tlt, KIM, 

VfIOJM (di = d2) -c*>5« *®lcj:ixtf. # 
^KiOInM* J 0t^ ^KWGaNi^ 
ft**frKtt* JtMKJMfcO. 0 2 5-0. 15k* 
itt, fISWHiGaN»1^2. 54$ri 

H*r*tt**U ^FIWO. 15itmOH*t 
tt, InMO. WKM#0. 1 

^mOWtlt In*fU£0. 0 2 8WCGLh. 
50 gj?#0. 0 5ym^Pl InMO. 0 5 7*1 
SJ^±-C^ffiJB^f*^i£ttG aN(DiP2. 5 4$:® 

I nli.tt'Cti, WSW^^G a NWl$f$2. 5 
«j(f^ Kl k 14, A 1 G a NT€5^ 7yKIL 

3, 4, 5S*^««^*^^** 5 1 nGaN»»fc 

WCWWUMtW I n titty 1 
[0 0 4 9] :o$«fll JM»»»4ftv^U8B:*v^ 

TtI^C-Cfo6o ^fc> ±»^^ Klfctt. AlGaN 

■Cfc6««*4v\ 2, 3. 4, 5MO«*©a*<0 
I n G a NJWfcS^ttG a N*KW«®*^ 
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$4 KlO I nl&ffcy 2 fmtf *V\ d £ 
*fc<DJgffi4 fcl^ 1 9 llfc^T t tTfc*. 
[0 0 5 0] 13911 fcXM KJBff (d l=d2) left 

>f Kl nlft* (y i = y 2) **-*-fci6oB-Cfc5. H 

0 0 3/dl-0. 0 0 3-Cafi(R-C#5. ft»Aj:9± 
offi*. 1-4t>*>, yUO. 00 3/dl-0. 00 

£«$OGaNglCjgH1-*y y-tfrim JO 

KIt«»tftb%, dl = d2, yl = y2tlfc 

KHflWW** tfttefe (d l + d 2) /2 = d£, 
#^1i*fc**.*U* 0 8*5«fctfl2 9 (DVmttZn* 

(yl-dl + y2-d2)/(dl + d 
2) = y£2M KI ntt*fcLX%x.*Ui, H8*3j:t; 

<blt££ft£o HfflfttCtt, -0. 05^yl-y2^ 
0. 0 5 0* WlC#*L<tt, -0. 03^ 

y l- y 2^0, OSTfrS^-Cfc*. 
ICtt, 0. 3 3^dl/d2^3M^fc9, 
&L<tt> 0. 56£dl/d2£l. 8Xh^> 0 
[0 0 5 1] Sfefc, •*A-C*$^S*f*«:K»fc"«i 

jfcAT*£ft*fcttl-iftV*»<u #J*tf, d = 0. 1 3( 
[Mm] d>o, y = 0. 0 3Ol**» d = 0. 0 7 
[Mm] *>o, y = 0. 0 4 5O»fr»tctt, fcTLfc 

-Js/N-rttt, ^E^fS]FFPO0° ttifi CEffitt 
4C*v«ff«:*«e>fcfcC5, y^0. 0 0 3/d+ 

o. oo2-ca*>$ih,6«5ffl-cfcntf&v^fc^*Jw 

[0 0 5 2] ftff«*¥*ttfc»*fc«>*>* *M KJBO 

A* *9±w«jcl£R3e£*u** J * &<0j:5fc«»a> 

*K||bTE«©«*trW**fcfc^ 
«4fc^L7WE«W«fc*ft*^ £,Tfc^Cf&d 
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fe, yl^w-0, 08, y 2^w-0. 08Tfctt*U 

i n #T*m<o\ nta*lciS<J< 

IC,#£L<te, y 1 £w-0. 1. y2£w-0. 1 
»IW£*U 5 0t*Cl 0 0 0 W^±^«^^ 

ajistcfcofc, (H■H::i^l^B• -c«JMl«:*u 

nM<tn^<n:t,t^ yl<v, y 

xbn, roOBIwRS+5wi:-C7 0t:-C1 0 0 0# 
[0 0 5 31 n1A&<D#<< KH*»<» 

ttafcfei-. e»<oiMo»»4ftv^L7-ettE*tt* 
) y^o. i6-o. 6d*>«Mrefcft 

^0. 0 0 1-1 0%CD«ifflX> 12 

©ax^iaxi oooo*ina±«>»** s »«** t ** 

^U<li> y^0. 13-0. 0 6 dO^HXfo^fict 
<, R9«»#0. 0 0 1-10%O«5S 

X, ffi*ttt*&*#- 1 3 0 d B/H z KT©«t*» 

#6m**»btt. WKMdttyliO. 02, y2 
^0. 0 20^^td*fUT, 0. 1 2Mm-C*>*wfctf 

(^fiCtl^H^ttt^^) . d^0. 12 0«S 

50 ii:BSt5^i^ :o^^«Jt^^ » 
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Jb, wC-CttWLfc»fc»*L^«&H (y^O. 00 3 
/d-0. 003, yUw-O. 1 n y 2 
1, yl<v, y2<v, d^O. 12) *rH9*fcfi 

[0 0 5 4] Sfet, S14lo«a««rSaSbt, «x» 
££360-480nm (2 0t) 0>«fifflfc L/C fc* ± 

[0055] *nm<DWMt#^xh. mm<ormi t 

HIC, fttffc!»m#WC*>9, *¥2ffiOFFPO 
[0 0 5 6] C**&«1S4J 

*«3fcj8rt6*»#w-if»^«>WW4 o sots 

^lLfctettll*^1g3fc^i:-Cfc<5o 

Gai-.N (w=0. 17 fiS) #FH TO2n 

m) , InvGai-vN (v = 0. 0 5) VOtM (EW4 

nm) lMI/#FI/»M/# 20 

4 1 0 nm, ^RJ91 6 nm) X'fo*>o 

[0057] xm&nte&o*^*'— f**0>m&\z 

*3i:raW-»»-cy y^vaMSfc/^JLfcJxft^ (3 
l iotfcj8V%Tt>»MWfcff«W ,, C*fc- * 

torn!: n — 9m**tm tfc t ^ 

5, [g|7C01 0 0 3tW\&0> V y^O*>5SB*lSJ 
FFPWTCfcofc. 

[0 0 5 8] *WtO»»»**#V'— 

ntq=2. 5 4 GaN»<Offl«f*naiM = 

2. 5 4 0j:n^f^fc, ^iVlCt^s n-GaN 
1^401, n-GaNW4 0 2, p-GaN^y - 

[0 0 5 9] $<bfc, *|tl|0»«HCi8tt6»ttl«>* 
I n.Gai-N (w = 0. 1 7§S) #FS « 
f2nm) MnvGai-vN (v = 0. 0 5) MM 
(iH4nm) (IMW/#F« 

/. . . /jfFi/ww) *&4*3««*#FWt 

1 «8*ttft4 1 0 nm, &RJI2 2 nm) t Lfci: ^ 
5, Ell 2\Z7FL1zh<Dtmm\z.&mv, yyfMfiX* 
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j^#ttfcft*wk«Wlbfc. ft*. ^W*^ 

1T#^*3V^-C, ^tai-*3tt6^tBMmii4 OmA-Cfo 

i oo < cic*v^t 5 ii^M»^mgg*c^^o w 

SK:J:9Jl«tofcfci%, n.q=2. 5 4 5T*>tK 
GaNJiOffi*f*nG«N=2. 5 4 0 X 9 fc** *»o 
fc e n-GaN$S40K n-GaN* 

KJ§4 0 2, p-GaN=»^^H4 09*Wtlf 

ft#ftB*#tt#»& 

[0 0 6 0] *Ui, 

5 0 nmO«ffl-C, *«Wr»«>«*G a N 

bftv^ (i n*&j&±o. oosOT :t»5„ M 

SWUOnm^-Ct)^ 
0»«3^Ufc*#tcl n»««r+0. 0 0 5*#< 

if I n*&J&ri 5 'h£< TtJ:V>*^ ISttiW?5 0nm© 
00 5W$<tt^nfc^ *ffl±»tf«:C 

» % mm<orm 3 Lfc*tt«:»tt»K» 10-50 

9 iJ, 5-6 0nm©i:*,B9OlWlA^*il5*tt 
icfc£J§^/?Wa [fim] m.fc*ttjEMnjt-C y£ 
0. 0 0 3/d-0. 0 0 3+ (0. 0 0 7-0. 2 2 
XWa) kt*t«V^fc^ ®1 0«fc9^£ft*. * 

LV*SH#* (219 0i&i8SA' t»**t* 
|Wa [nm] fc**»IEMlO*.-C, y^0. 0 0 3/ 
d + 0. 0 0 3+ (0. 0 0 7-0. 2 2 XWa) ti~ 

[0 06 1] ft*3, 3*c«ai«>»»»^ 9 Si****- 

<bftii:#, <WI/#F1/. • . /WW/#r 
■ >©««^6ft6t** <#F1/W«*/. • • / 
KfiS/^FS > <b ft 6 fc # <& v ^tu©«* K 

[0 0 6 2] $f>(^s M^^Stt, 
^3 6 0-4 80nm (2 0*0 O^StLTt, ± 

50 JfioBBW^ttSE^^ft*^^ 
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[0 0 6 3] #*tto»ttic*3v*rfc, m&<oJ&1&ib 
a»<t*^W6o»«ioE«fcH*»c % p 

£B*riK *wmtt>» Eli 2 
-C^tDF F P^f biifcc 

[0 0 6 4] 5 ) ***©^HWi, **w 

»«3lc*J»t5*»#u— iTII^iTw^^y KB© 
ttlfcfc ■fctWSttJi 4 0 5 ©«dc«r«1E LfctettMS©* 

*T-OgttJiOfl|*»i, In.Gai-wN (w=0. 17 
fift) $c~FM (If2nm) , InvGai-vN (v = 
0. 0 5) KSJI (lf4nra) fc <Z>£Il£8»ig (K 

gg/#Fg/. . . /#pi/i«I) »e>*6 3« 

£^#FfcteJI «5t«^4 1 0 nnu &§SJ¥2 2 n 
m) -Cfo*, *jt«iO»ftt*5»tS***^- if**© 
^fn^^7 7KlOMli, n-Al uGai-xiN 

(X1 = 0. 13)T»^77KI (BWO. 8m 
m) , p-A lx 2 Gai>x2N (x2 = 0. 1 3) ±U? 
yyYm m&0. Sum) VhZ>* 2C 

[0 0 6 5] *ntetoJ&tR0>*mfr^-tt*<Oto&t 

3 fcWWcWfrCy y^/U*«»fcA/lfllfe*UftV^ (3% 

i&otfM t n Cflli£<o¥£ft u>- WF- * ft® L fc fc - 

5. 121 7 CO 1 0 0 1 tffl&O. V yT'JWhZMB-fifa 30 

[0 0 6 6] *st*o»i8©*w*^"-** : F-©*a it 

n.q=2. 5 4 8tfc0, GaNiWiWnG«H = 
2. 5 4 0^0 t*#*»ofc". w*U-«fc !K n-GaN 
&&40K n-GaNt^i4 0 2 > p~GaN=«> 

[0 0 6 7] SfeUl, *S«fcO»»C*5lt5±T0^7 
yKHft>fltJft*« **u€iV n-AlxiGai-xiN (X 
1=0. 0 7) W5yKl (fl£i¥0. 8nm)> p 
-Alx2Gai-x2N (x2 = 0. 07) ±«^yKI 

mmo. 5 um) tbfctw5, j«fi©^«3t^» 
jC**-e, y *7/WM5iA/£*feftfcV* (5%£TF) 
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&\c£.r> fifth ititZ.*. n.q= 2. 5 4 2tfc0, 
GaNMWn6iN=2. 5 4 0 J: 0 
fc e dfUCfctK n-GaN«S4 0K n-GaN* 
(83^4 0 2, p-GaN3^ni*-e©tff©ii 

[0 0 6 8] ***0»tti«)*W*^-1f*^^ 

gMLT, ±W7f KJ§<0A1&J£IC**LT, $® 
JB*r¥<D«W*G a NOfflWWiii:*^ Wl I 
n*Rj£y £tf#U vtfcOMl lTfeSo 

0 5 5d»b0. 145(D®it?, ^ 

o#>f Kl©ft#ttA i o. i *>*fr 
1B3 4'bO t l-4(0*fr) fcisfcA/if**>e>*v^ (ua 
j&±0. 0 0 5^) Cfc ttttl-tt^ 
KJiOAl I nia*y 

^■Ct>H*S^lB3lC^Lfc*tt^I ntftft«:+0. 0 
0 5** <1-6£^ s fc5^*tt?fc9, ^ 7 y K 

^^^KIOAIIWO. 0 5 5©*fr-Ct>**«> 
»»3fc*Lfc*#d>?> I nfcjfoPO. 0 0 5i*W 

«C3Vhn-/ui-6Ci:tliLV^fc*, 3ll£0^1&3 
l^lfc^^^^KIMO. 0 5 5*><b0. 14 

fflli::o&£tlEfcft*t>^tt4<> Bl i$r#Si" 
tttf*bd»4J;5«^ ^7^K1^ai«a j o. 05 
5d>b0. l 4 5©«H-Cte*ttiai:A/if«bb4v^ 

[0 0 6 9] ^77KlWAltt 
SRxd*. 0. 05^x^0. 2(Dt#> 011^»A 
■C^$tu6*ttlw^7 y KJiOA 1 m^xlcJ:6ffiiE$: 
toX-Xs y^0. 00 3/d-0. 00 3+ (-0. 0 
10 + 0. lOx) tirftrt^Z.ttK Bl 1 
^H^o HHO»«i3K:B*tfc©fcBi:a*K 
ff*UV^95H*** B9 0ft^|A , -C^SixSftfr 
(C^^l^iPW a In to] \Z£Zft3E&1to%-X, V ^ 
0. 00 3/d + 0. 0 0 2+ (-0. 0 1 0 + 0. 1 
0 x) fc1-*Ui<fcV^£j&^ Bl 1 J:f9^$h,?>e 

*frlctt, (x 1 + x 2) /2Srxt t 

[0 0 7 0] £b\^ s AlGaN^7yKi^)«M 
^/j:?)VKoWilA 1 G a NG>£MJi**fcfc 




23 

mmmzmfirtrzumomitotf 3 0 n m&T&mxhti 

[0 0 7 1] £<blc, K*Q**fc«x.S*ft€: 

fco *fc* ±«*7* KH^LT, BUPO. 3 M m& 

[0 0 7 2] *f>fc, 8tt«©ia««:MUT, JBftK 
I^3 6 0-4 8 0nm (20t) ©tfiffl i: LT t>, ± 

[0 0 7 3] ^JS^I§tC*5VNTt>, UlSO^tt 1 t 

[0 0 7 4] [XttOfigffi 6 ] 

u-1?«^0*Ji©BW • 
^co^co^: Lfct^-Cfo^o n-GaNSS501 (R 
*7 0|xm) 0±ldn-G a N + MJ15 0 2 (K*4ji 
m) % n-IncGai-cN (c = 0. 07) «f»fSIJ§ 5 1 
2 (RJF0. 0 5/xm) x n- A 1 xi G a i-xi N (XI 
= 0. 1) W?yKf 5 0 3 (RJ£0. 7 Am), 
n — I nyi G a i-yi N (y 1 = 0. 0 3 5) TUtfJ K 
15 0 4 (R£0. 1 nm) , ImGai-.N (w = 
0. 1 7 SUE) #FJB (RJP2 nm) . InvGai-»N 
(v = 0. 0 5) KS* (Ii4nm) k ©2fcS*B* 
£ (PHM/ttWi/. . . /#FR/IMW) 
5 5 ££*#F8ttJI 5 0 5 (&#;&£ 410nm x | 
If 3 4nm) , p-AhGai-zN (z = 0. 2) * 
0 6 (Bgf 1 8 nm) s p - I n y 2Gai-y2 
N (y 2 = 0. 0 3 5) ±tt#>f KJI 5 0 7 (RJP0. 
1/iro) , p-A lziGai-ziN (z = 0. 2) **ry 
/I5 13 (Ri¥5nm) s P - A 1 xzG a i -x2 N (x 
2 = 0. 1) ±^77KI5 0 8 mmO. 5 a 
m) % p-GaN3^ni5 0 9 (RffO. 1m 

m) #wfcSM*rt$*vc^s. *jaK*>«tt»c:m*-c 

f±, W7y Kl^TlCn- I ncGai-cNW5 
1 2^g$tlT*5t), w*tfi, SlJiWaStJ-^^y^ 

<5 0 *6fc/*JtH©»»C*JV^-Ctt, ±«Mf-f KB© 
±{Cp-AhiGai-iiN (z = 0. 2) ^rt^^lS 

* HJB5 0 9<0±ffilCtt, Pd/A 
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u. Ni/Pd/Au, Pd/Pt/Au^) 5 10# 
J&J*3*tT*$9* n-Ga N&fcOgglCtt&JR 

m& Ti/Al, Zr/Al, H f / A 1 4 

« 5 1 l#»rt*ftTV*S. #*l60^g©^«ttU 

— Mmcfci^T. MtH5 i ittS?-iHEfc*"e 

M&L*^&ffi*Ztl?tinm<DWWLls 2, 3, 4, 

5, 7, 8<D*m&i>-i?m*\z.mRLTi>mm<o%i% 

[0 0 7 5] *3Hfe<0«J»*>¥** SH^tfftfclC 
fcV^T, FFPSrSlj^LfckC^ 121 2 © «fc 9 

(10%»T) , ft#4iW*«H4*«#fe*iSwi:36«WW 

8 o < C(c^v>rt)jS^Mi!3^fil^-ctfco 

«fl!>J:5«c^ KJifcGaNSrffl^fctttt, *Htfc<D* 
7(7) 1 0 0 3 ^iO, y y'f/WhZmW.JjfaF F P 

[0 0 7 6] ***©»§i©iW#W'-iP*^«>»« i e 

30 n«q = 2. 54 7"Cfc!5, r <T> X b l-s n - I nc G a 

^G a N^JMfaPttt^Sftft^HlS^tB^J: 51- 
tvvtZPSlki-Ztzlbvm (InGaN*CM$ixi 
iPO. lMmJ£*T) t*ALt«i5f)«ii»ot 
(C, #ffiJB*f*^p-AlnGai-xiN (z = 0. 2) 

p-AlnGai-nN (z = 0. 2) ^y/i513 

Lfc»«fiJBW*OK[^G a NOJB#*fc8:tS*fttt* 
%m<DMmOJ: l !>\Z* ! 7y#*&jJki-Z>1Z#><Dm (In 
GaN-C*fi£^tlRi?0. lumKT) «r*XLTt« 

[0 0 7 7] **«iO^«^*5t^-Ct, K*©»ttlt 
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25 



26 



SB:#r»k Bi 2fc*1",l:3*fc*>&a* 

[0078] immvmm 1 1 ^- 

B l 3 Ctt*Bfe*1-*W*^- J !f3&*OfcS<D&® ■ 
*&j£&#<0t>O2: Ufctj^-CfeSo n-GaNS^50 
1 (if3 0-3 0 0/im) e n-GaN«5 0 2 10 

(Kff 0~3 0 Mm) , n-lncGai-cN (0. 01 
^c^O. 2) 4>BM4 12 (RfO-0. lura) , 
n-AlxiGai-xiN (0. 05SxU0. 2) 
^77 FI5 0 3 (l&J? 0. 6 — lOiim) , n - I n 
yiGawiN (yl^w) T»*M KS 5 0 4 (&JPd 

1 [urn] ) , I n.Gai-.N^FI, I nvGai-vN 

(v<w) #mmh<D&E.&Mm&* xi *ttztt#'Ffc 

1415 0 5 (M^3 7 0-4 5 0 nm, WWWa 
dm] ) , A 1 z G a » -z N (O^zl^O. 3) 
. 7 /i5 0 6 (H0-50nra) , p-InyzGa 20 
i -y 2 N (y2^w) ±«MM KS5 0 7 (KJ?d 2 [/i 
m] ) . p-AlziGai-ztN (O^zl^O. 3) * 
^7^15 13 W0-50nm) > p-Alx2Ga 
i-x2N (0. 0 5^X1^0. 2) i^^y KS5 0 
8 mW-0. 4-10/im) , p-GaN^y^^M 
5 0 9 (KV 0 . 0 7/tra-8 0/im)o tfc'U d = 
(d 1+d 2) /2, y = (y 1 • d 1 + y 2 • d 2) 
/ (dl + d2) > x = (xl+x2) /2, 5£Wa 
y^0. 0 0 3/d-0. 0 0 3+.(0. 0 0 
7-0. 22Wa) + (-0. 010 + 0. 1 0 x) <0 30 

[0 0 7 9] ***^»IB<0*»#^— J 5 *^**^ 

[0 0 8 0] £<bK, ^/>f KI«, tt»<o«ffl«r. 
y£0. 0 0 3/d + 0. 0 0 2+ (0. 0 0 7-0. 
22Wa) + (-0. 010 + 0. lOx) 

©fcl^DJlfcfcJ:"?, SiE*IfilFFPici3V^-C, jE® 
(0° ) tti£<£>y y7/u#£CTL* 5 

[0081] *nm<DMmz#\,*xi>, nmommit 

Wim^ fi»ft»BB*^«6-C*)0. 7k¥#ftOFFPtf> 
mm.*!** &¥-Jjfohi>. Bi 2fc*+J:5ftft«>fe* 1 



b&xziz. 

[oo82] ^k±(onm<omm 2 l 7 ©t-ci*, ± 

Ttf>#>f KifclnGaNfcL-CBWLttfc^ 

31, #Jxtf, As, P, T l*&&toLfcW^^£«J)DL 
fcOTmj>oT 1 fe■fc^\, 1-4t>*>. ^ KS£, GaN 
As, GaNP, GaNPAs, InGaNAs, In 
GaNP, InGaNPAs, TIGaN, Tl InG 
aN^i: tttJ:v\ «M£, GaNAsOi^ dix* 

[0 0 8 3] (&fi*>£fB8) Bl 4tt*»*«>W# 

(4> n - G aNS«601 (K«3 0-3 0 0 urn) ± 
[C, %<D±\Z.m&. n-AlGa I nNPAs602 

(ii0-3 0|/ra) * n-AlGalnNPAs 
^-^^Ea [eV] ) Tm?iy KS6 0 3 
(&J?0. 4-lO^m) . n-AlGa InNPAs 
(x^^ty/El [eV], 1 2 4 0/KE 
l^Ea) T&#'< KI6 0 4 «l?d 1 [|im] ) . 
A 1 G a I nNPAs^Fi, Al Ga I nNPAs! 

A [nm] ) % p—AlGa InNPAs^ 
ty /|6 0 6 (J&JfO — 5 0nm) , p — A 1 G a I 
nNPAs (x^-^^E2 [ e V] % 124 
0/KE2^Eb) ±»*W KS6 0 7 (K«d 2 
Um]), p-AlGalnNPAs 
^y^Eb [eV] ) *73> KS 6 0 8 (RJPO. 3- 
10 jim) , p-GaN = ^ni6 0 9 (W0. 

i M m) <o*mtmik**ftm&te&z*'X^*. 

|C X p -GaN3y^ni6 0 9WJ:Stlt 
« Pd/Au, Ni/Pd/Au, Pd/P 

t/Au, Pd/Mo/Au, Pd/W/Au^) 6 1 
0^«$tUT*5!), n-GaN»»i 
&JBm& Ti/Al, Zr/Al, Hf/A 

lft if) 6 1 ljWft*S*b*V*S. P^yKI608 
^g^p-GaN^^ hS6 0 911, V v V 

of*. yy^h7^^w^i^u 

fco«»kitt, ( P ^9yKI6 0 8) t<Dh 

V^lC»»BSi6 1 2*«^»*ixXV^«)-C, «»t>, - 

3 0 0-8 0 0 nmt ft6 * *>\zKfc+tlft£^. 
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10 0 8 4] *mm<D&i&<oftmxmttni&<owm 1 

[0 0 8 5] *jt«0»«0***^— «f*^^«V^-C 

p-AlGa InNPAs±^^7^Ki608 (MV 
0. 3-10jim) ±\Z®rth*lt.. p-GaN^^ 
^hl6 0 9OW0. 0 7ura^±-Cfo6^-C, S 

»flBlwDlli!h** s *4+6wfclwfi[BU^FFP^**d J 

^ih^^fc e u-**^**e>, p 

-GaN^^^ h^£)E£/P£r 0 . 0 5. 0. 0 7, 
0. 1, 0. 12, 0. 2, 0. 3, 0. 5iimt, 1 

fcW-fifa F F P Lfc £ C 6, 

[0 0 8 6] G a Nl«±lcM^ixfci«^ 

(Dftmmfe* (10-10) mz&ixgm^xot-t 
&x % *i-v a* &> 9, ^± t ¥a*ffi s> hi- < 

[0087] [xnKD^iB 9 ] ^mMomm^Mom 

3. 5^Ea^3. 9d^o3. 5SEb^3. 9 

E^3. 4 9 2-0. 0 2 7 4 6/ (d-0. 0 3 5) 
d= (d l + d2) /2, 

E = (El-dl+E2-d2)/(dl + d2)] 
OftE less t X ft 6 t> 0-Cfc 

[0 0 8 8] IfK^^^V^X 




|5) #BR 2001-298243 

f4, AlGaN^yKloMO. 0 5-0. 2CDfc 

^7^; KB0>=;M'*-?*y73. 5^Ea^3. 9 
H3. 5SEb^3. 9 SrWfci-te^a^fc* 
if) fcfbtf* ®9i-«t>*>Bll 5 0>M«l«:«>**ffcfc*i,5 

|2^Lfcct?fC, 3 6 0-4 8 0 nra«^^^ 

»H^Cfc^ -Tftb*), ^Iilt> GaN 
As (VK5E»^*t5As(0«l*l-5%a*) , G 
aNP (V«7C»-i3tt6PO#J^l-5%S«) , I 
n G a N A s (I I I ^lCiolt6 I 
0%&&, VtJtTcW-^tSAsOW-frO. 3-5%6 
g) , InGaNP (1 I I &7cSil-*5liS I n Oft J* 
20 1-1 0%^, V^5c:^(C^tt5P^fJ^0. 3-5 

[0 0 8 9] *SJSO»ll8C*5V >r t> > 1 t 

mm\^ ftffft*B**T»TB-C*>9, *¥*flOFFPO 

«OFFPr#^fc, w(75ct JBB 

50 [0 0 9 0] [»OJWlO]Hl8tt,**i©» 

fc3Stt©JB« 1 ftV^L9 3 3A^ft 

9, ^<*:u-lf^3 3li. ay** hB<W*££ 

H-h*:/*, ^fATfe 19 > n-*ttt, Pb^, In 
40 ft, Sn^ A u*42f 

hlttTPJPO. 07/jm£i,±, #*L<tt0. 12 
M m£il±OGaNB* 5 fflV^n-CV^fcWC, «*©8 
^U-if^0^9lC. pa^^HWO. 0 5 

y^^^FUt, D-»*flSttB«c»1-6Ci#'> 
50 ft<, <tot, «B»-^*«BJb**u6. ±B» 
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WffV^GaNJBfe^tr, $y * 

$n?>:i:l:^2)^ ijflcp^** hli?£0. 2 

[oo9i] in anil, *nM<om 

tt(o**^;««^8ia«:*-r«ftH-c*)5o &£2 

l, g£2 i±icRta$ixfcSllfio«1Bi©***^- 

1f3f^2 2, n!i>--?l/yX23, f-A^y^y^ , 

**) 2 6, E»****1-*fc«>«>^*2 7, iix 

24£3igL-C, »uyX25i:J:0if^^26 
©1*«SB«ffi«fc#£*t*. It?*** 2 60tf$&IS® 
!H r !bt>L<tt««L«aSI , bt<ttffl»fsPSEW^J: 

[0092] *jano»«io**a:flWMfa6«i-*Jv^ 
■m, f f pw!) y^/KD»iB*nfc*?ft»tt©a» 

F**fe»BV\fc«>tN »*WX2 5 let 

2 6 0«P«B»Bfc*««!:«**^ * 

tf>t>£-T\ f y h&9^1 o- 3 -cfoD, HEl-S^fe** 

[0 0 9 3] $<bl^ #|OSo*18<&*^tf«S£8 
■ »C*5lt5***U— lf*T-2 l«r*lSO»tt2, 3, 
4, 5, 6, 7, 8, 9 0*»#U-fS8»«»Lfc 

t:^ VNftioi^cfcv^tt, ±3*<a*fl=-e* try 

[0 0 9 4] 

«v^fc»»*^— ytKT-lciav^T, GaNSM^\ 

9, £f*-cy y7iv<oymztottr-~y 




6) <fc§f) 2001-298243 

[ia®o«5^^] 

[HI] ^(O»i-f^?:*t0tfo5c 
[12 2] **W«>^*fr^--^*^^jKa*ife«:ttW + 

W [13 3 ] Wlfl^^-f^fc^*^*** 
lx— tf *^©7K¥*I»J F F P^Sr^tElTfcic 
[El 4] *«WO^#^f^^t2»ttK^^ 

[[§15] FFPap q p$^tit'fo?)o 

[(a 7] ajfesw^^ff^—rsft^osa^isiFFP 

[08] *M KB I na*t«MffiB»f*WBB««:*-»"H 

20 [0 9] ^-f 8 **^*^ KB**!** 

"ttS-C*>5. 

[010] fiH*BB*fc»b3*fck*©#>r KBSfeft 
[011] ^yKiAmftrtft^ttl^ 

>B*#&*+ia"Cfc$o 

[012] *«B©*»#^-f F P W**^ 

1-0-C&6o 

[013] ^^(O^frU-^^^^-tEl^foSo 
[014] t^^^^+H-CfcS. 
30 [015] «6W©**»^— i^*^^ KB*ttfc 

[016] «^o^i/-fSS^^t®"Cfc5o 
[017] »WO***»«W4K««:*i"BI^*> 

So 

[018] tt*tt«©*W#^--**^«r^i"B^*> 

So 

101-n-Ga 
1 0 2 -n-G a N^KB 
40 1 0 3-n-A In G a i-ii NW7y KB 
1 0 4 — n — I nyi G a i-yi NTBBtf'f KB 
1 0 5~**#FSttB 
1 0 6 - A lzGai-zN (z = 0. 2) 
1 0 I nysGai-yxN (y 2 = 0. 0 3 5) ± 

«2M KB 

108- p-Ah2Gai-«zN (x2 = 0. 1) ±U2 
7 y KB 

109- p-G aN3^^ ^B 

lio, ill -W& 

50 2 0 1 - ^ai^— 
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31 

2 0 2 Xfyj^m 

4 0 1 -n-G a 

4 0 2-n-Ga N + IHJ1 

4 0 3-n-A 1 nG ai-xi NW5y KB 

4 04-n- I nyi G a i-yi NTBStf^ Kl 

4 0 6-p-A)zGai-zN^rir77'i 
4 0 7-p- I n ¥ 2G ai-y2N±tt:tf-f Kg 
4 0 8 — p-A 1 x2G a i-x2N±g££ 7y Kl 
409-p-GaN3V^^ hi 

4io. 411 -m® 

4 12-n-IneG ai-cNtWS 
413-p-AlnGa)-ziN^rt7^I 
501-n-Ga 

5 0 2-n-GaNW 

5 0 3-n-A 1 ii G ai-xi NTU? 7 V Kl 
5 04 -n- I nyiGai-yiNTE^W Kl 

505 

5 0 6-p-AliG ai-zN^r^r^yg 

5 0 7 - p - I ny2G ai-y2N±gfl#^ Kg 

5 0 8 ••• p — A 1 x2 G ai-x2N±H5^ 77 Kl 

5 0 9-p-Ga N ^ M 

5 10, 5 11 -«£ 

512-n-IncG ai-cWFffll 



(17) 



JO 



20 



5 1 3 

6 0 1 
6 0 2 
6 0 3 
6 0 4 
6 0 5 
6 0 6 
6 0 7 
6 0 8 
6 0 9 
6 1 0 
6 1 2 
2 I- 
2 2 - 
2 3- 
2 4- 
2 5- 
2 6- 

2 7- 
28- 

3 1 - 
32- 
3 3- 
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■p-AlziGai-:iN^rt^yi 
■n-GaNSS 

■n-AlGa I nNPAs^Rfll 
•n-AlGa I nNPAsW77 Kl 
■n-AlGa I nNPAsTW Kl 
■;1^#F7£&1 

-p-AlGa InNPAs^t7/l 
-p-AlGa InNPAs ±U#'< Kl 
-p-AlGa I nNPAsltt^77 Kl 

■ p -G a N3>^ M 
6 1 1 



■1/yX 



[B2] 



[016] 
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#<fp*lnfttt jIHKJBJS Cum] 



; 
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[015] [1217] 
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